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DESCRIPTION 

METHOD FOR DETECTING DISTANCE AND DISTANCE DETECTION 
APPARATUS 

Technical Field 

The present invention relates to a distance detection 
apparatus and a method therefor , both suitable for detecting 
a relative distance between mobile stations or a relative 
distance between a mobile station and a base station. In 
particular, the present invention relates to a distance 
detection apparatus and a method therefor, both suitably 
applicable to a mobile communication system in conformity 
with the spectrum spreading communication mode. 

Background Art 

Conventionally, there has been developed a distance 
detection apparatus for detecting a relative distance 
between two mobiles by means of the communication conforming 
to the spectrum spreading communication mode. For example, 
in the vehicle communication apparatus disclosed in 
Japanese Laid-Open Publication No. HE I 5-122120, when a 
certain communication station MS-1 transmitted a radio wave 
modulated in conformity with the spreading modulation to 
another communication station MS-2 and the communication 
station MS-2 received the transmitted wave, the 
communication station MS-2 transmits a radio wave modulated 



in conformity with the spreading modulation by the use of 
a spreading code synchronized with the spreading code of 
the received wave back to the communication station MS-1. 

When the communication station MS-1 received the 
responded wave from the communication station MS-2, the 
communication station MS-1 detects the period of time from 
the transmission of the radio wave to the reception of the 
responded wave from the communication station MS-2, and 
detects the relative distance between the communication 
station MS-1 and the communication station MS-2 on the basis 
of the following formula (1). 

Relative Distance = (Light velocity) * (Time 
Difference) / 2 ~. (1) 

However, the aforesaid vehicle communication 
apparatus has a problem that it cannot perform the distance 
detection with high accuracy owing to signal delays in the 
transmission circuits thereof and the reception circuits 
thereof . 

Disclosure of Invention 

The present invention was invented in consideration 
of the problem, and aims to provide a method for detecting 
distance and a distance detection apparatus, both capable 
of removing the errors of distance detection caused by signal 
delays in the transmission circuits thereof and the 
reception circuits thereof. 

A method for detecting a distance according to the 



present invention is a method for detecting a distance by 
measuring the propagation time of an electromagnetic wave, 
and the method inputs a transmission signal output from 
a transmission system circuit directly into a reception 
system circuit, and obtains the signal delay time of the 
transmission and reception circuit by measuring a 
difference between the reception timing of the transmission 
signal that has passed through the reception system circuit 
and the transmission timing of the transmission signal, 
and then performs the correction of the measured distance 
by using the obtained signal delay time. 

According to the method, the sum of the signal delay 
time of the transmission system circuit and the signal delay 
time of the reception system circuit are measured, and the 
measured sum of the signal delay times is used as a correction 
value at the time of obtaining a measurement distance. 
Consequently, respective signal delay times of the 
transmission system circuit and the reception system 
circuit are canceled. Thereby, distance detection with high 
accuracy becomes possible. 

Moreover, a method for detecting a distance according 
to the present invention receives a reflection signal of 
a transmission signal from an object of distance measurement , 
and measures the phase difference between the reception 
signal and the transmission signal , and detects the relative 
distance to the object of distance measurement on the basis 
of the measurement result, and further corrects the detected 



relative distance by means of the signal delay time in a 
transmission and reception circuit, the signal delay time 
being a measurement result of the difference between the 
reception timing of the transmission signal in the reception 
system circuit and the transmission timing of the 
transmission signal . 

According to the method, the sum of the signal delay 
time of the transmission system circuit and the signal delay 
time of the reception system circuit is measured, and the 
measured sum of the signal delay times is used as a correction 
value at the time of obtaining a measurement distance to 
the object of distance measurement. Consequently, 
respective signal delay times of the transmission system 
circuit and the reception system circuit are canceled. 
Thereby, distance detection with high accuracy becomes 
possible . 

Moreover, a distance detection apparatus according 
to the present invention adopts a configuration comprising : 
a transmission system circuit in which a timer of a self 
station generates a periodic signal that is transmitted 
to an opponent station; a reception system circuit for 
receiving a periodic signal generated by a timer of the 
opponent station and transmitted to the self station; a 
signal path for inputting the transmission signal from the 
transmission system circuit to the reception system circuit 
directly; and a distance detection section for measuring 
a difference between the transmission timing at the time 



of the transmission of the signal from the transmission 
system circuit and the reception timing at the time of the 
input of transmission signal to the reception system circuit 
through the signal path to obtain a self station signal 
delay time, and for measuring a quantity of discrepancy 
between a reception timing of the transmission signal from 
the opponent station and the reference timing of the timer 
of the self station to obtain a self station detection phase 
difference, and for detecting a relative distance between 
the self station and the opponent station by the use of 
the self station signal delay time, the self station 
detection phase difference, the opponent station signal 
delay time obtained by the opponent station, and the opponent 
station detection phase difference. 

According to the configuration, by the measurement 
of the respective sums of the signal delay times of the 
transmission system circuits and the signal delay times 
of the reception system circuits of the two communication 
stations , and by the use of the respective sums of the signal 
delay times as correction values at the time of the 
obtainment of a relative distance between the two 
communication stations, signal delay times of the 
respective transmission system circuits and the respective 
reception system circuits of the two communication stations 
are canceled, and then distance detect ion with high accuracy 
becomes possible. 
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Brief Description of Drawings 

FIG. 1 is a block diagram showing the basic 
configuration of the distance detection apparatus 
according to embodiment 1 of the present invention; 

FIG* 2 is a block diagram showing the configuration 
of the distance detection apparatus according to embodiment 
7 of the present invention; and 

FIG. 3 is a timing chart for illustrating a delay 
profile of the distance detection apparatus according to 
embodiment 8. 

Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the present invention 
will be described by reference to the attached drawings. 
(EMBODIMENT 1) 

FIG. 1 is a block diagram showing the basic 
configuration of the distance detection apparatus 
according to the embodiment 1 of the present invention. 
In the figure, the distance detection apparatus according 
to the embodiment 1 are severally mounted on communication 
stations 10, 20 for transmitting signals and receiving them 
by means of electric waves. The communication stations 10, 
20 includes reference timers 11, 21, signal generation 
sections 12, 24, transmission system circuits 13, 25, signal 
reception sections 14, 23, reception system circuits 15, 
22 and antennas 16, 26 for both of transmitting and 
receiving . 



In the distance detection apparatus according to the 
embodiment 1 , the signal generation section 12 and the signal 
reception section 14 in the communication station 10 on 
one side and the signal reception section 23 and the signal 
generation section 24 in the communication station 20 on 
the other side are embodied as microcomputers 17 , 27 
respectively . 

In not shown memories mounted on the microcomputers 
17 , 27 are written programmed data of a distance detection 
method (distance detection program) f which will be 
described in the following. Incidentally, it is preferable 
to use a magnetic recording medium such as a hard disk 
apparatus, a floppy disk, CD-ROM, CD-RW, and MO, an optical 
recording medium and an optical magnetic recording medium 
besides the aforesaid memory as a recording medium for 
storing the distance detection program, 

A signal line 18 (28) connecting between the antenna 
16 (26) for both of transmitting and receiving and the 
transmission system circuit 13 ( 25 ) or the reception system 
circuit 15 (22) corresponds to signal input means. The 
reference numerals inserted in the parentheses indicate the 
constituent elements on the communication station 2 0 side. 

Incidentally, it is supposed that the period of the 
reference timer 11 and the period of the other reference 
timer 21 are the same. It is also supposed that the time 
difference At shown in FIG. 1 becomes > 0 (positive) when 
the time of the reference timer 21 of the other communication 
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station 20 is earlier than the time of the reference timer 
11 of the one side communication station 10, and becomes 
< 0 (negative) when the former is later than the latter. 
Moreover, the following description will be given on the 
supposition that the timer of the other side reference timer 
21 is earlier than the time of the one side reference timer 
11 . 

Now, the one side communication station 10 transmits 
a signal having a period synchronized with the reference 
timing based on the reference timer 11 (periodic signal) 
to the other side communication station 20 . For simplifying 
the description, the transmission timing is supposed to 
be the initial phase of the reference timer 11. When the 
other side communication station 20 receives the periodic 
signal transmitted from the one side communication station 
10, the other side communication station 20 transmits a 
periodic signal synchronized with the reference timing 
based on the reference timer 21 in the communication station 
20 to the one side communication station 10 . For simplifying 
the description, the transmission timing of the other side 
communication station 20 is supposed to be the initial phase 
of the reference timer 21 . Then, the one side communication 
station 10 receives the periodic signal transmitted from 
the other side communication station 20 to detect the phase 
difference between the received periodic signal and the 
previously transmitted periodic signal, and then the 
communication station 10 corrects the signal delay time 



of the self station, which will be described later, on the 
basis of the detected phase difference, A distance is 
calculated by the use of the correction value. 

The other side communication station 20 also detects , 
similarly, the phase difference on the basis of the 
transmission timing to the one side communication station 
10 and the reception timing, and further measures the signal 
delay time in the communication station 20. And then, the 
communication station 20 transmits the phase difference 
and the signal delay time detected by the communication 
station 20 or the correction value of the signal delay time 
corrected on the basis of the phase difference to the one 
side communication station 10. As will be described later, 
after the timer correction has been performed in a 
communication station, the distance calculation becomes 
possible without receiving the correction value of the 
opponent station. 

Although the transmission timing of the transmission 
signals of the communication stations 10, 20 is supposed 
to be the initial phases of respective reference timers 
11, 21 for the simplification of the description, the 
transmission timing is not necessarily the initial phase 
as long as the communication stations 10, 20 transmit the 
transmission timing at the same phase. 

The case described above is the case where the one 
side communication station 10 is a station that performs 
the distance measurement. In the case where the other side 
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communication station 20 is a station that performs the 
distance measurement, the transmission station and the 
reception station are exchanged. 

Incidentally, although the description will 
hereinafter be given for the simplification of the 
description to a case where the one side communication 
station 10 transmits a transmission signal to the other 
side communication station 20 for the measurement of a 
distance and the other side communication station 20 that 
received the transmission signal transmits the 
transmission signal for the measurement of the distance 
back to the one side communication station 10 by the use 
of the transmission signal as a trigger, the present 
invention is not restricted to such a case. That is, when 
both of the communication stations 10 , 20 are communicating 
about a thing unrelated to the measurement of distance, 
both the communication stations 10 , 2 0 can severally perform 
the measurement of distance by utilizing transmission 
signals and reception signals in the communication. When 
an opponent station transmits a signal delay time in the 
transmission and reception circuit of the opponent station 
and correction information calculated by using the signal 
delay time, it is considerable to use the information by 
extracting from the reception signal. 

Moreover, when the one side communication station 10 
detects the distance between the communication station 10 
and the other side communication station 20, the 



communication station 10 measures a signal delay time of 
the transmission and reception circuit (the transmission 
system circuit 13 and the reception system circuit 15), 
which causes errors , in the one side communication station . 
That is, the communication station 10 measures the 
difference between the transmission timing and the 
reception timing by turning back the transmission signal 
at a signal line 18 to receive the tuned back transmission 
signal. The communication station 10 corrects the distance 
measurement value with the measured value to cancel the 
signal delay time at the transmission and reception circuit , 
and consequently high accuracy distance detection become 
possible* Incidentally, in the case where the other side 
communication station 20 is a station that performs the 
distance measurement , the other side communication station 
20 measures the signal delay time of the transmission and 
reception system circuit (the reception system circuit 22 
and the transmission system circuit 25 ) in the communication 
station 20 to use the measured signal delay time as a 
correction value. 

Hereinafter, the distance detection method will be 
described . 

Here, the signal delay time of the transmission system 
circuit 13 in the communication station 10 is supposed to 
be tl ; the signal delay time of the reception system circuit 
15 is supposed to be t4 ; the signal delay time of the reception 
system circuit 2 2 in the communication station 2 0 is supposed 



to be t2 ; and the signal delay time of the transmission 
system circuit 25 is supposed to be t3 . 

The communication stations 10 , 20 severally transmit 
a signal for distance measurement to an opponent station 
on the basis of the reference timers 11, 21 of the self 
station, and receive a signal for distance measurement from 
the opponent station to measure phase differences Ta, Tb 
between the signal transmitted from the self station and 
the signal transmitted from the opponent station. 

Moreover, respective communication stations 10, 20 
turn back transmission signals from the self stations at 
the signal lines 18, 28, and input the turned back 
transmission signals to the reception system circuits 15, 
22 of the self stations to receive them. And then, the 
communication stations 10, 20 measure the differences 
between the transmission timing and the reception timing 
at that time. The values of tl, t2, t3 and t4 cannot be 
measured separately in the measurements. However, the 
communication station 10 can measure the value of (tl + 
t4 ) , and the communication station 20 can measure the value 
of (t2 + t3). In this case, the value of (tl + t4 ) is a 
sum of respective signal delay times of the transmission 
system circuit 13 and the reception system circuit 15 in 
the communication station 10, and the value of (t2 + t3 ) 
is a sum of respective signal delay times of the transmission 
system circuit 25 and the reception system circuit 22 in 
the communication station 20. 
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As apparent from FIG. 1, the relationships between 
the phase differences Tb, Ta, a signal propagation time 
T, the time differences AT, and the signal delay times 
tl, t2 , t3, t4 meet the following formulae (2), (3). 

Ta = T + t3 + t4 - AT ... (2) 

Tb = T + tl + t2 + AT ... (3) 

The communication stations 10, 20 perform the 
corrections of the phase differences Ta, Tb in conformity 
with the following formulae (4), (5) by the use of signal 



10 delay times (tl + t4 ) , ( t2 + t3 ), and transmit the corrected 

;ij phase differences Tah, Tbh to the opponent stations. 

SI 

q- Tah = Ta - (tl + t4) ... (4) 



Tbh = Tb - (t2 + t3) ... (5) 

When the signal delay times tl, t4 , t2 and t3 are 
15 supposed to be zero, the relative distance R between the 
communication stations can be detected by the following 
formula ( 6 ) . 

r = cxt = cx (Ta + Tb) / 2 ... (6) 
Where "c" indicates light velocity. 
20 Because the signal delay times tl, t4 , t2, and t3 are 

actually not zero, the Ta and Tb on the right side of the 
formula (6) are replaced by the Tah, Tbh, and then the 
formulae (4), (5) are substituted to obtain the following 
formula (7). Moreover, when the formulae (2), (3) are 
25 substituted, the following formula (8) is obtained. 

c x (Tah + Tbh) / 2 = c x {Ta + Tb - (tl + t2 + t3 
+ t4)> / 2 ... (7) 



c x (Tah + Tbh) /2=cxT~(8) 

The formula (8) is nothing else but the following 
formula (9) that is the formula (6) in which the Ta, Tb 
are substituted by the Tah, Tbh. Consequently, the relative 
distance R can be obtained in conformity with the formula 
(9). 

R = cxT = cx (Tah + Tbh) / 2 ... ( 9 ) 
On the other hand, the discrepancy quantity A Tb ( = 
-AT) of the reference timer 21 in the other side 
communication station 20 from the reference timer 1 1 in 
the one side communication station 10 when the reference 
timer 11 in the communication station 10 is taken as a 
reference can be obtained in conformity with the following 
formula (10) in the case where the signal delay times tl, 
t4, t2 and t3 are supposed to be zero* 
A Tb = -AT = (Ta - Tb) / 2 ... (10) 
When the processing for the adjustment of the 
reference timer in the communication station 20 to the 
reference timer in the communication station 10 based on 
the timer discrepancy quantity A Tb is performed and the 
measurement phase differences are indicated by T a 
(communication station 10 ) , Tb (communication station 20 ) , 
the measurement phase differences Ta, Tb are expressed 
by the following formulae (11)-(13). 
T a = Ta + A Tb = T ... ( 1 1 ) 
Tb = Tb - ATb = T ... (12) 
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Because the aforesaid processing is to turn back the 
other side reference timer 21 by the time difference A 
T by the correction of the gains of the reference timer 
21 , the communication station 20 newly detects a value 
5 obtained by the addition of the time difference A T to the 
value Tb that has been detected as the reception timing 
until that time. The value is the Tb in the formula (12). 
Until that time, the communication station 20 has 
q transmitted signals at the initial phase when the reference 

10 timer 11 in the communication station 10 is -AT. However, 
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because the other side reference timer 21 was corrected, 
the signals are transmitted with a retardation of that period 
of time. Consequently, a value obtained by the subtraction 
of the time difference AT from the value Ta that has been 
15 detected as the reception timing of the communication 
station 10 until that time is newly detected. The newly 

detected value is the T a in the formula (11). 

As it is known from the formulae (11)- (13), if the 
reference timers 11,21 are once set at the same time between 

20 the communication station 10 and the communication station 
20, the notification from an opponent station is hereafter 
unnecessary, and the relative distance R can be detected 
only by the measurement of the reception timing of a 
transmission signal from the opponent station. 

25 Because the signal delay times tl, t4, t2 and t3 are 

actually not zero, when the Ta, Tb on the right side of 
the formula (10) are replaced by Tah, Tbh and formulae (4), 
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( 5 ) are substituted, the following formula ( 14 ) is obtained. 
Moreover, if the formulae (2), (3) are substituted, the 
following formula (15) can be obtained. 

(Tbh - Tah) / 2 = {Tb - Ta - (t2 + t3 - tl - t4 ) } / 
5 2 ... (14) 

A Th = (Tbh - Tah) / 2 = AT + tl - t3 ... (15) 
If the quantity A Tbh of correction of the reference 
timer 21 in the communication station 20 is supposed to 
Q be -ATh in the case where the reference timer 21 in the 

K 10 communication station 20 is adjusted on the basis of the 
fU reference timer 11 in the communication station 10, the 

Q detection phase difference rain the communication station 

O 10 and the detection phase difference Tb in the 

communication station 20 after the adjustment of the 



Q 

p 15 reference timer 21 are expressed by the following formulae 



m 



(16), (17). 

ra = Ta + A Tbh ... (16) 
Tb = Tb - A Tbh ... (17) 

Because the gains of the reference timer 21 is 
20 corrected to turn back the timer 21 by A Th similarly to 
the description about the formulae (11) -(13), the 
communication station 20 detects a new value obtained by 
the addition of the A Th to the value Tb that has been detected 
as the reception timing until that time. The new value is 

25 the Tb in the formula (17). Because the timer 21 was 
corrected although the communication station 20 
transmitted a signal when the time of the communication 
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station 10 was -ATh until that time, the signals is 
transmitted with the retardation of that period of time* 
Consequently, a value obtained by the subtraction of the 
A Th from the value Ta that has been detected as the reception 
5 timing of the communication station 10 until that time is 
newly detected. The value is the r a in the formula (16). 

When the formula (2) and (15) are substituted into 
the formula (16), the following formula (18) is obtained. 
S3 Moreover, when the formula (3) and (15) are substituted 



M* 10 in to the formula (17), the following formula (19) is 

fll obtained. 

NT 

Q ra = T + tl+t4~(18) 

Q Th = T + t2 + t3 _ (19) 

i 5 

Q If corrected phase differences obtained by the 

w 

Q 15 correction of the ra, T b in conformity with the aforesaid 

m 

correction formulae (4), (5) are designated by rah, r 
bh, the phase differences rah, rbh is expressed by the 
following formula (20) to be equal to the propagation time 
T of the propagation signal. 

20 T = rah = Tbh ... (20) 

The following formula (21) obtained by the 
multiplication of the light velocity "c" to both the sides 
of the formula (20) is nothing else but the formula (13) 
in which the ra, rb are replaced by the rah, rbh. 

25 R = cxT = cxrah = cxrbh.„(21) 

As apparent from the aforesaid, when a sum value of 
the signal delay times tl, t4 , t2 and t3 of the transmission 
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system circuits 13, 25 and the reception system circuits 
15, 22 of the communication stations 10, 20 is measured 
and a value obtained by the correction of the detected phase 
differences Ta, Tb by the formulae (4), (5) is determined 
5 as the correction phase difference Tah + Tbh, then the 
relative distance R between the communication station 10 
and the communication station 20 can be detected. 

In particular, as described in the explanation 
concerning the formulae (14)- (21), although respective 

10 values of the time differences At of the reference timers 
11, 21, and the signal delay times tl, t2, t3 and t4 of 
q the transmission and reception system circuits 13, 15, 22 

m and 25 cannot be obtained, the relative distance R can be 



o 



detected by the use of only the phase difference information 

fjj 

S% 15 measured in the self station after the adjustment of the 

ill 

'* reference timers 11, 21 of the communication station 10 

and the communication station 20. 

Incidentally, in the case where the reference timer 
11 of the communication station 10 is adjusted on the basis 
20 of the reference timer 21 of the communication station 20, 
the adjustment may be performed by the inversion of the 
sign of the correction quantity of the timer 21. 

Moreover, after the determination of the correction 

quantity A Tbh of the reference timer 2 1 in the communication 
25 station 20, the relative distance R between the 

communication station 10 and the communication station 20 
can be obtained in conformity with the formula (22). 



R = c x (Tah - ATbh) ... (22) 

As described above, in the distance detection 
apparatus according to the embodiment 1, the sum value of 
the delay times tl, t4 and the sum value of the delay times 
t2 , t3 of the transmission system circuits 13, 25 and the 
reception system circuits 15, 22 of the communication 
stations 10, 20 are measured, and the sums of the signal 
delay times are used as the correction values when the 
relative distance R is obtained. Consequently, the signal 
delay times of the signal transmission system circuits 13, 
25 and the signal delay times of the reception system 
circuits 15, 22 are canceled, and thereby high accuracy 
distance detection becomes possible. 
(EMBODIMENT 2) 

The aforesaid distance detection apparatus according 
to the embodiment 1 can be applied to an apparatus that 
needs distance information such as a position cognition 
apparatus, a speed detection apparatus, an on-vehicle 
apparatus, a mobile, a fixed station and a traffic 
information generation apparatus. 

For example, a system in which a transmission signal 
transmitted by a radio apparatus of a car is reflected by 
the body of an opponent car and the reflection wave is 
received will be considered. It is supposed that the 
communication station 10 in FIG. 1 is a radio apparatus 
of a self car and the communication station 20 is a radio 
apparatus of an opponent car. Then, the signal delay times 
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t2, t3 of the reception system circuit 22 and the 
transmission system circuit 25 of the opponent car are zero, 
and the state is equivalent to the case where the time 
differences AT of the reference timers 11, 21 are zero* 
5 However, there is no information of the correction phase 
difference Tbh from the radio apparatus of the opponent 
car. In this case, the distance R can be detected in 
conformity with the formula (21). 
■jj R = c x {Ta - (tl + t4)> / 2 ... (23) 

g 

W 10 where Ta designates a phase difference between the reception 
signal and the transmission signal when the transmission 



signal from the radio apparatus of the self car is reflected 

O ■ 

- on the body of the opponent car and the self car receives 

O 

the reflection wave, i.e. the reception signal. 



15 (EMBODIMENT 3) 

Another system in which a signal transmitted by the 
radio apparatus of a self car is received by the radio 
apparatus of an opponent car and the radio apparatus of 
the opponent car ideally transmits a response signal at 

20 a zero response time and further the self car receives the 
response signal will be considered . When the radio apparatus 
of the opponent car informs the signal delay times t2 + 
t3 of the reception system circuit 22 and the transmission 
system circuit 25 to the radio apparatus of the self car, 

25 the distance R can be calculated in conformity with the 
formula (24). In this case also, there is no information 
of the correction phase difference Tbh from the radio 
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apparatus of the opponent car. 

R = c * {Ta - (tl + t4) + (t2 + t3)} / 2 ... (24) 
Because it is actually impossible to make the response 
time zero, there is used as a measure against the problem 
5 a way in which the opponent car informs the reception time 
Tl when the opponent car received the transmission signal 
from the radio apparatus of the self car and the transmission 
time T2 when the radio apparatus of the opponent car 
g transmitted a transmission signal to the radio apparatus 

o 

10 of the self car. In this case also, because the radio 

K Q 

jijj apparatus of the opponent car informs the signal delay time 

%J 

q t2 + t3 to the self car, the distance R can be calculated* 

,g (EMBODIMENT 4) 

n Although the present invention can be applied to 

1 „ gen e ral radi o co^ ti o, in th e case _ 

• the invention is particularly applied to the spectrum 

spreading communication mode, an implemented distance 
detection apparatus has excellent distance resolution, the 
synchronization adjustment of the spreading code of a 
20 reception signal is equivalent to the measurement of the 
phase difference of the signal as it is. Consequently, it 
is easy to make the present invention practicable in 
conformity with the spectrum spreading communication 
method . 

25 Hereinafter, the accuracy of distance detection and 

the specifications of radio communication will be described 
in the following including an embodiment. 
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The distance R can be measured by the measurement of 
the propagation time T of an electromagnetic wave on one 
way by performing an exchange of the electromagnetic wave 
between a measurement instrument and a measurement object, 
5 and by the multiplication of the light velocity (c = 3*0 
x 10 8 [m/s]) to the propagation time T. In this case, a 
distance dx calculated by the multiplication of the light 
velocity "c" to the time resolution dT of the propagation 
time T is the distance resolution. On the contrary, the 
10 dT calculated by the division of the allowable error of 
distance dx by the light velocity is the allowable error 
of time* 

w 

p When the application of the present invention to a 

'El car collision prevention apparatus is considered, the 

5| 15 communication stations 10, 2 0 shown in FIG. 1 are radio 

communication stations for distance detection to be mounted 

on cars. 

Now, if it is supposed that the allowable distance 
error in the measurement of the distance between a car and 

20 the one in front for the prevention of collision is the order 
of one meter, the allowable error dT of measuring time is 
the order of about three nanoseconds. When a spectrum 
spreading signal is used as the distance measurement signal , 
the order of a chip rate for the obtainment of time resolution 

25 corresponding to the distance resolution of the order of 
one metering is about 100 MHz . A spectrum spreading apparatus 
having a chip rate of the order of 100 MHz can easily be 



realized. In this case, because the gate delay time of the 
transmission and reception system circuits of a 
communication apparatus is generally in an order of several 
tens or hundreds nanoseconds, gate delay errors cannot be 
neglected. Even if the gate delay time is corrected to be 
calculated as a designed value, the gate delay time scarcely 
accords with the designed value because there is dispersion 
in the manufacture thereof. 

Accordingly, if the distance detection method of the 
present invention is applied, because the distance 
detection method of the invention turns back transmission 
signals of self stations at signal lines 18, 28 to input 
them into the reception system circuits 15, 22 and thereby 
phase differences between the transmission signals and the 
reception signals, which are received transmission signals, 
the gate delay errors including the dispersion in the 
manufacture can be measured in resolution of about three 
nanoseconds . 

Consequently, by the use of the distance detection 
method of the present invention, the measurement of the 
distance between a car and the one in front can be enabled in 
distance resolution of the order of one meter, and it becomes 
possible to realize a collision prevention apparatus at 
a level of practical use. 
(EMBODIMENT 5) 

As another embodiment , a pos it ion detection apparatus 
such as a locator and a navigator in a cellular mobile 



telephone system can be realized. For example, the present 
invention can be applied to emergency service systems such 
as a police call system or a fire call system, or to a search 
for a stray child. 

Incidentally, in the United States, an entrepreneur 
of a mobile telephone business has an obligation of the 
detection of subscribers at a fixed accuracy and a fixed 
probability . 

In the cellular mobile telephone system, one of the 
communication station 10 and the communication station 20 
shown in FIG * 1 performs a role of a base station, and the 
other of the communication stations 10, 20 performs a role 
of a mobile station. 

If the accuracy of a cellular mobile telephone 
necessary for detecting a position is about the order of 
60 m, the distance resolution of 60 m is converted into 
the time resolution of about 20 0 nanoseconds . It is converted 
into the frequency resolution about 5 MHz . As a current 
cellular CDMA system, IS 95 is made practicable, and the 
chip rate thereof is about 1.2 MHz. Accordingly, if 
over-sampling of about four times is performed, the time 
resolution of the order of about 200 nanoseconds can be 
realized. That is, telephone calls and distance detection 
can simultaneously be realized in the radio specifications 
of the order in the same degree of the radio specifications 
of the spread spectrum communication in conformity with 
IS 95. 



(EMBODIMENT 6) 

Embodiment 6 of the present invention performs the 
distance detection and the distance display service between 
mobile telephones . 

In the embodiment 6, the communication stations 10 , 
20 shown in FIG. 1 severally perform roles of mobile 
telephones, and telephone calls are executed between the 
two mobile telephones* 

The order of the distance resolution thereof and the 
order of the chip rate of spectrum spreading thereof are 
almost the same as those of the position detection apparatus 
such as the locator and the navigator of the cellular mobile 
telephone system of the aforesaid embodiment 5. 
(EMBODIMENT 7) 

FIG. 2 is a block diagram showing the basic 
configuration of a general communication apparatus in 
conformity with the spectrum spreading communication mode 
according to embodiment 7 of the present invention. 

As shown in the figure , the communication apparatus 
is configured so as to comprise a control section 120 
including a CPU 121 for control and a memory 122, a 
transmission and reception section 130 including a radio 
circuit 131, a spreading/despreading section 132 and an 
antenna 133 for both of transmitting and receiving, a 
spreading code synchronization acquisition/preservation 
section 140 including a digital signal processor (DSP) 141 
and a memory 142, and a reference timer 150. 
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Because the antenna 133 for both of transmitting and 
receiving is connected with both of a transmission system 
circuit and a reception system circuit, a transmission 
signal is turned back at the antenna section to be input 
to the reception system circuit as it is. 

In the spectrum spreading communication, that a 
transmission signal of self station is recognized as a 
reception signal from the opponent station is prevented 
in conformity with the FDD system that utilizes different 
carrier frequencies as the carrier frequency of a 
transmission wave and the carrier frequency of a reception 
wave or the TDD system that separates the transmission timing 
and the reception timing and neglects reception signals 
during the transmission timing. 

If a transmission signal of a self station is received 
by the self station, it can be realized by the TDD system 
unless the reception signal during the transmission timing 
is neglected. If the carrier of the transmission wave is 
supplied as a demodulation wave of the demodulation circuit 
of signal reception, that can be realized in the FDD system. 

Moreover, in the spectrum spreading communication, 
because the synchronization acquisition and preservation 
by the spreading code synchronization 

acquisition/preservation section 140 is the measurement 
of the reception timing as it is, it is not necessary to 
add new hardware for the measurement of the reception timing 
to the current hardware configuration for performing the 
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measurement of the reception timing of a turned back 
transmission signal from self station and a signal from 
an opponent station. 

As an example of the spreading code synchronization 
5 acquisition/preservation section 140, the illustration of 
a delay profile is shown in FIG . 3 . in the figure, correlation 
outputs are detected in the whole phase scope, and a phase 
0 i at which the correlation output larger enough than noises 

r<%. is output is obtained, and then the despreading is performed 

Q 

10 at the phase 0 i in ordinary demodulation. 

i|5 

mi In case of the detection of the distance between a car 

Its? 



and the one in front, the time resolution when four times 
over-sampling at the chip rate of 100 MHz is performed is 
about 2.5 nanoseconds, and it is converted to about 0.75 

15 m of distance resolution. 

Because the chip rate is 1.2 MHz in the CDMA system 
IS 95 that is actually applied as a cellular standard mobile 
telephone system, the time resolution at the time of the 
four times over-sampling is about 200 nanoseconds, and is 

20 converted to be about 60 m distance resolution. 

As apparent from the aforesaid, the hardware 
configuration of a current general spectrum spreading 
communication apparatus meets the necessary conditions of 
the hardware configuration of a distance measurement 

25 apparatus of the present invention. Accordingly the 

distance detection apparatus of the present invention can 
easily be realized by storing a program realizing the method 
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for detecting distance of the present invention into the 
memory 122 of the control means 120 in a current general 
spectrum spreading communication apparatus used as it is* 
(EMBODIMENT 8) 
5 Although a spectrum spreading communication 

apparatus is described as an example in the aforesaid 
embodiment 7 , it is apparent that the present invention 
can be applied to the whole radio communication system. 
P That is, it is realized only by the addition of reception 

(si 10 timing measuring means capable of measuring at the time 

#■ 

ft| resolution converted from the required distance resolution 

H 

Q to the hardware configuration of a communication apparatus . 

.« 

0 This application is based on the Japanese Patent 

|*& 

Q Application No. HE I 11-210237 filed on July 26 , 1999 , entire 

j!j 15 content of which is expressly incorporated by reference 

m 

herein . 



Industrial Applicability 

According to the present invention, in the distance 
20 measurement among communication stations performing 

various communications, especially the communication in 
conformity with the spectrum spreading communication mode , 
high accuracy distance detection can be performed. 



29 
CLAIMS 

1. A distance detection apparatus comprising: 

a wireless transmission system circuit that radio 
transmits a transmission signal after performing signal 
5 processing of the transmission signal for signal 
transmission; 

a wireless reception system circuit that performs 
signal processing of a reception signal , which was received 
Q from an object of distance measurement, for signal 

b 

j«& 10 reception; and 



nj a distance detection section that measures a signal 

g delay time in said wireless transmission system circuit 

\% 

■q and said wireless reception system circuit, and corrects 

q a distance measurement value that is obtained by measuring 

Q 15 a distance to the object, by using the signal delay time. 

2. The distance detection apparatus according to claim 

1, wherein 

a time difference between transmission timing by said 
wireless transmission system circuit and reception timing 

20 by said wireless reception system circuit in a case where 
the transmission signal output from said wireless 
transmission system circuit is directly input into said 
wireless reception system circuit is measured, and the 
measured time difference is set as the signal delay time. 

25 3. The distance detection apparatus according to claim 
1, further comprising: 

a first reference timer that generates first reference 
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timing; and 

a signal generation section that generates a periodic 
signal synchronized with the first reference timing to input 
the periodic signal to said wireless transmission system 
5 circuit as the transmission signal; wherein 

said distance detection section detects a first phase 
difference indicating a degree of a discrepancy of reception 
timing of the reception signal received from the object 

q from the first reference timing, and detects the distance 

C5 

j^- 10 to the object by using the first phase difference, the 

i|| 

fy detected signal delay time N a second phase difference and 

q a signal delay time both being detected at the object. 

ir, 

■ n 4. The distance detection apparatus according to claim 

3, wherein 

15 the object is a communication station that has a second 

reference timer for generating second reference timing 
independently, and that measures the signal delay time at 
the object, and that detects a second phase difference 
indicating a degree of a discrepancy of the reception timing 
20 of the reception signal from the second reference timing, 
and that generates a periodic signal synthesized with the 
second reference timing in response to the reception of 
the transmission signal to transmit the generated periodic 
signal . 

25 5. The distance detection apparatus according to claim 
3, wherein 

said distance detection section corrects the first 
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phase difference by using the detected signal delay time 
to obtain a corrected phase difference, and detects the 
distance to the object by using the corrected phase 
difference and an informed corrected phase difference 
informed by the object. 

6, The distance detection apparatus according to claim 
5, wherein 

the objects a communication station that has a second 
reference timer for generating second reference timing 
independently, and that measures the signal delay time at 
the object, and that detects a second phase difference 
indicating a degree of a discrepancy of the reception timing 
of the reception signal from the second reference timing, 
and that corrects the second phase difference by using the 
signal delay time at the object, and that transmits the 
corrected phase difference as the informed corrected phase 
difference . 

7. The distance detection apparatus according to claim 
3, wherein 

said distance detection section transmits the first 
phase difference and the detected signal delay time, or 
a corrected phase difference of the first phase difference 
corrected by the detected signal delay time to the object, 
and receives the second phase difference and the signal 
delay time , or a corrected phase difference of the second 
phase difference corrected by the signal delay time from 
the object. 



8. The distance detection apparatus according to claim 

5, wherein 

said distance detection section obtains the corrected 
phase difference in conformity with the according formula, 

(corrected phase difference) = (first phase 
difference) - (detected signal delay time). 

9. The distance detection apparatus according to claim 
8, wherein 

said distance detection section detects the distance 
to the object in conformity with the following formula, 

(distance) = K x ((corrected phase difference) + 
(informed corrected phase difference)) / 2 
where K is a constant corresponding to the light velocity. 

10. The distance detection apparatus according to claim 

6, wherein 

said distance detection section determines a 
correction quantity for an adjustment of the first reference 
timer andthe second reference timer by a use of the corrected 
phase difference and the informed corrected phase 
difference . 

11. The distance detection apparatus according to claim 
10, wherein 

said distance detection section determined a 
correction quantity of the second reference timer on a basis 
of the first reference timer in conformity with the following 
formula , 

(correction quantity of second reference timer) = 
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( (corrected phase difference) - (informed corrected phase 
difference) ) / 2 . 

12. The distance detection apparatus according to claim 
10, wherein 

5 said distance detection section determines a 

correction quantity of the first reference timer on a basis 
of the second reference timer in conformity with the 
following formula, 
£3 (correction quantity of first reference timer) = 

f s 



10 ( (informed corrected phase difference) - (corrected phase 
difference) ) / 2 . 
f «3 13. The distance detection apparatus according to claim 

Q- 10, wherein 



LI 



said distance detection section detects the distance 



fcj 15 to the object in conformity with the following formula after 

111 

said distance detection section performed the adjustment 
of the first reference timer and the second reference timer 
on a basis of the correction quantity for the adjustment, 
(distance) = K x (corrected phase difference) 
20 where K is a constant corresponding to the light velocity. 
14. The distance detection apparatus according to claim 
10, wherein 

said distance detection section detects the distance 
to the object in conformity with the following formula after 
25 said distance detection section determined the correction 
quantity of the second reference timer, 

(distance) = K x ((corrected phase difference) - 



(correction quantity of second reference timer)) 

where K is a constant corresponding to the light velocity. 

15. The distance detection apparatus according to claim 
1, further comprising: 

a first reference timer that generates first reference 
timing; and 

a signal generation section that generates a periodic 
signal synchronized with the first reference timing to input 
the periodic signal to said wireless transmission system 
circuit as the transmission signal; wherein 

said distance detection section detects a first phase 
difference indicating a degree of a discrepancy of reception 
timing of a reflection wave of the transmission signal 
reflected by the object from the first reference timing, 
and detects the distance to the object in conformity with 
the following formula, 

(distance) = K * ( (first phase difference) - (detected 
signal delay time)) / 2 

where k is a constant corresponding to the light velocity. 

16. The distance detection apparatus according to claim 
1, wherein 

the transmission signal is a spectrum spreading 
signal . 

17. The distance detection apparatus according to claim 
1, wherein 

said apparatus performs wireless communication 
between the object in conformity with a spectrum spreading 



communication mode . 

18. A method for detecting a distance to an object of 
distance measurement, said method comprising: 

detecting respective signal delay times of a wireless 
transmission system circuit for executing signal 
processing of a transmission signal for transmitting and 
a wireless reception system circuit for executing signal 
processing of a reception signal for receiving; 

transmitting the transmission signal to the object 
through the wireless transmission system circuit; 

receiving a signal transmitted in response to 
reception of the transmission signal from the object; and 

calculating a distance to the object by using phase 
information of the reception signal and the detected signal 
delay time. 

19. A method for detecting a distance to an object of 
distance measurement, said method comprising: 

detecting respective signal delay times of a wireless 
transmission system circuit for executing signal 
processing of a transmission signal for transmitting and 
a wireless reception system circuit for executing signal 
processing of a reception signal for receiving; 

transmitting the transmission signal to the object 
through the wireless transmission system circuit; 

receiving a reflected wave of the transmission signal 
from the object ; and 

calculating a distance to the object by using phase 



information of the reception signal and the detected signal 
delay time. 

20. A distance detection apparatus comprising: 

a wireless transmission system circuit that transmits 
a transmission signal after performing signal processing 
of the transmission signal for signal transmission; 

a wireless reception system circuit that performs 
signal processing to a reception signal, which was received 
from an object of distance measurement, for signal 
reception; 

a recording medium storing a distance detection 
program; and 

a processor operating in conformity with the distance 
detection program, wherein 

the distance detection program makes said processor 
measure signal delay times in the wireless transmission 
system circuit and in the wireless reception system circuit , 
and makes said processor transmit the transmission signal 
to the object through the wireless transmission system 
circuit, and further makes said processor calculate a 
distance to the object by using phase information of the 
reception signal and the detected signal delay time when 
the wireless reception system circuit received the 
reception signal from the object. 

21. A distance detection apparatus comprising: 

a wireless transmission system circuit that transmits 
a transmission signal after performing signal processing 



of the transmission signal for signal transmission; 

a wireless reception system circuit that performs 
signal processing of a reception signal , which was received 
from an object of distance measurement, for signal 
reception; 

a recording medium storing a distance detection 
program; and 

a processor operating in conformity with the distance 
detection program, wherein 

the distance detection program makes said processor 
measure signal delay times in the wireless transmission 
system circuit and in the wireless reception system circuit , 
and makes said processor transmit the transmission signal 
to the object through the wireless transmission system 
circuit, and further makes said processor calculate a 
distance to the object by using phase information of the 
reception signal and the detected signal delay time when 
the wireless reception system circuit received a reflected 
wave of the transmission signal from the object . 
22. The distance detection apparatus according to claim 
20, wherein 

the recording medium is any one of a semiconductor 
memory, a magnetic recording medium, an optical recording 
medium, and an optical magnetic recording medium. 
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Declaration and Power of Attorney For Utility or Design Patent Application 

Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below ) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 



METHOD FOR DETECTING DISTANCE 
AND DISTANCE DETECTION APPARATUS 



n 



the specification of which is attached hereto unless the following 
box is checked: 



□ was filed on 



as 



United States Application Number 
and was amended on 



(if applicable) or, 



PCT International Application Number PCT/J POO/04971 
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(Number) 
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(Country) 
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(Country) 

(S4) 



(Country) 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, §1 .56. 

I hereby claim foreign priority under Title 35, United States Code 
§119(a-d) or §365(b) of any foreign application(s) for patent or 
inventor's certificate, or §365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below. I have also identified below, by 
checking the "No" box, any foreign application for patent or 
inventor's certificate, or of any PCT international application having 
a filing date before that of the application on which priority is 
claimed: 



26/July/1999 

(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



Priority claimed 
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No 

□ 
No 



(Day/Month/Year Filed) 
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□ 

No 



□ Additional foreign application numbers are listed on a 
supplemental priority sheet attached hereto. 
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below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first 
paragraph of Title 35, United States Code §112, I acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations §1.56 which 
became available between the filing date of the prior application 
and the national or PCT international filing date of this 
application. 



Js (Application No.) 
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(Day/Month/Year Filed) 



(Status) 

(patented, pending, 



w (Application No.) 
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(Day/Month/Year Filed) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
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statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either his 
foreign patent agent or corporate representative, if any, as to any 
action to be taken in the Patent and Trademark Office regarding 
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attorney or agent and the undersigned. In the event of a change 
in the persons from whom instructions may be taken, the U.S. 
attorney or agent named herein will be so notified by the 
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Trademark Office connected therewith, and direct that all 
correspondence be addressed to that Customer Number: 

CUSTOMER NUMBER 7055 

The appointed attorneys presently include: 



Neil F. Greenblum 
Bruce H. Bernstein 
James L. Rowland 
Arnold Turk 



Reg. No. 28,394 
Reg. No. 29,027 
Reg. No. 32,674 
Reg. No. 33,094 



Address: GREENBLUM & BERNSTEIN, P.L.C. 

1941 ROLAND CLARKE PLACE 
RESTON, VA 20191 



Direct Telephone Calls to: (name and telephone number) 



GREENBLUM & BERNSTEIN, P.L.C. 

(703)716-1191 



r %■ 



Full name of sole or first inventor 
Tadashi HAYAKAWA 



Inventor's signature 



-ku, Yokohama-shi, Japan 



Date 



Residence Konan-ku, Yokohama-shi, Japan 



Citizenship 
Japan 



Post Office Address 2-9-28-610, Kamiookanishi, Konan-ku, 
Yokohama-shi, Kanagawa 233-0002 JAPAN 



Full name of second pint inventor, if any 



Second Inventor's signature 



Date 



Residence 



Citizenship 
Japan 



Post Office Address 



(Supply similar information and signature for third and 
subsequent joint inventors.) 
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